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Abstract 
The movement of atrazine, cyanazine, and simazine from the site of application 
was monitored under conventional, reduced, and no-tillage conditions. Less 
water and soil was lost from the no-tillage and reduced tillage conditions. 
Conventional tillage conditions had about 66,000 L/ha runoff in 1986-87 and 
about 123,000 L/ha runoff in 1987-88. Seasonal rainfall was 885 mm in 1986-87 
and 397 mm in 1987-88. The rainfall intensity was greater during the first 
two events in 1987 than the corresponding events in 1986. The first rainfall 
event in 1986 accounted for 91, 89, and 78% of the total seasonal loss of 
atrazine, cyanazine, and simazine, respectively. More simazine was found in 
the surface runoff water than was atrazine or cyanazine. 
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Chapter I, Introduction 
Herbicides for weed control have been used in field corn (Zea mays) for 
about thirty-five years. Approximately 58% of all pesticides used in Kentucky 
are applied to corn. About 8.9 million pounds of active ingredients are 
applied to conventionally tilled (clean seed-bed) corn and about 2.5 million 
pounds applied to corn produced without tillage (no-tillage). 
The conventional tillage practices of crop residue burial, subsequent 
seed-bed preparation, and mechanical cultivation between the rows of a crop 
were initially utilized for weed control. These practices continue even 
though over 99% of the field corn grown today is treated with herbicides for 
weed control. Excessive tillage on the sloping fields of Kentucky often 
results in severe soil erosion and a loss of productivity. The soil and water 
that moves during the erosion process is deposited eventually in some type of 
surface water--farm ponds, lakes, streams, rivers. The amount of herbicide 
that moves from the application site into these waters has not been documented 
under central Kentucky conditions. Additionally, the effect of limited 
tillage practices, such as no-tillage, on herbicide movement is not known. 
This research was initiated to monitor the movement of three field corn 
herbicides conanonly used in Kentucky. Atrazine [6-chloro-N-ethyl-N'-(l-
methylethyl)-1,3,5-triazine-2,4-diamine], simazine (6-chloro-N,N'-diethyl-
1,3,5-triazine-2,4-diamine), and cyanazine [2-((4-chloro-6-(ethylamino)-1,3,5-
triazin-2-yl)amino)-2-methylpropanenitrile] are widely used throughout the 
corn belt in addition to their use in Kentucky. These herbicides were applied 
to three field corn production systems used by Kentucky farmers--conventional 
tillage, reduced tillage, and no-tillage. These tillages differ in the amount 
of surface crop residue that remains on the soil surface and the amount of 
soil erosion that can occur. The focus of this research was to determine the 
amount of atrazine, simazine, and cyanazine that would move from the 
application site in water that ran off the treated plot areas. 
The proposal under which this project was funded also intended to 
investigate the movement of these herbicides into the soil profile to a depth 
of one meter. Due to serious problems in analytical techniques, we have not 
completed the analyses of the soil samples. When the analyses are completed, 
an addendum to this report will be forwarded. 
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Chapter II, Research Procedures 
This research was conducted at the University of Kentucky's Spindletop 
Research Farm near Lexington. The soil at the experimental site was a Maury 
silt loam (Typic Paleudalf) which was formed in residiuum of phosphatic 
limestone. The site is on a slope of 9 percent and soil is at least one meter 
deep in each plot. Tillage systems used in this study were established two 
years prior to the initiation of this study in 1986. Each treatment was 
replicated three times and each plot was 9 m by 22 m. Tillage operations 
required for the various treatments were made in mid-May of 1986 and 1987. 
The tillage treatments were: (I) conventional-moldboard plowing and two 
seedbed preparations with a tandem disc-harrow, (2) reduced-corn residue from 
the previous growing season was chisel plowed and about 50% of the corn 
residue remained on the soil surface, and (3) no-tillage-the only soil 
disturbance was by the planter and 100% of the corn residue remained on the 
soil surface. 
Corn at 50,000 seed per hectare was planted following the tillage 
treatment. All fertility and insect control measures were the same for each 
plot. A mixture of atrazine, simazine, and cyanazine at 2.2, 2.2, and 3.4 
kg/ha, respectively, was applied to the soil surface immediately after 
planting. The herbicides applied were as the formulated products that are 
used by farmers. These were AAtrex (atrazine), Princep (simazine), and Bladex 
(cyanazine). Corn was harvested from the plots on October 16, 1986 and 
September 23, 1987. 
Each plot contained a metal border to prevent run-off water from adjacent 
areas from entering the plot and to facilitate collecting sediment and water 
moving off the plot area. These borders were removed prior to tillage, 
planting, spraying, and harvesting operations and replaced after the 
operations were finished. At the bottom of each plot, a tipping bucket 
collecting device collected approximately 5% of the water and/or sediment that 
move form the plot after each rainfall event. 
Samples of run-off water were collected after each rainfall event in 
which run-off water and/or sediment occurred. The water and sediment was 
collected and stored in an enclosed reservoir until the samples were 
collected. Sampling occurred the day following the rainfall event. Water and 
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sediment collected from the reservoir were separated by filtration and the 
respective fractions frozen until analyzed. Atrazine, simazine, and cyanazine 
were extracted from the water fraction by partitioning two times with 
methylene chloride at a ratio of one part methylene chloride and 5 parts water 
(v/v). The sample volume extracted was usually 1000 ml; however, the volume 
extracted ranged from 100 to 1000 ml. Some rainfall events caused only small 
amounts of water to run off the plot, and in these instances, the entire 
amount of water collected was extracted. The methylene chloride extract was 
concentrated in a two step evaporation process and the extracted herbicides 
were·brought up to a final volume of 1 ml in methanol. Extraction 
efficiencies for atrazine, simazine, and cyanazine were 97, 95, and 95 %, 
respectively. A high performance liquid chromatograph with a wavelength 
setting of 220 nm and a MCH-10 reverse phase (C 18) column that was 30 cm by 
4mm was utilized to quantify the herbicides. The mobile phase consisted of 
40:60 acetonitrile:water (v/v) at a flow rate of 1 ml per minute. A 100 ul 
sample was injected into the HPlC for herbicide quantification. Herbicide 
concentrations in the run-off samples were determined by comparing with a 
standard curve. Detection limits varied from 0.5 ug/l for a 1000 ml 
extraction volume to 5.0 ug/l for a 100 ml extraction volume. 
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Chapter III, Data and Results 
The 1986-1987 season began on May 13, 1986 (the date of corn planting and 
herbicide application) and concluded on April 27, 1987 (the date of last 
rainfall before initiation of the 1987-1988 season). During this period, a 
total of 885.16 11111 of rainfall fell on the experimental site (Table 1). 
Conventional tillage plots had the largest amount of run-off, with an average 
of 66,306 L/Ha. This compared with a total of 42,579 for the reduced tillage 
treatment and 50,340 for the no-tillage treatment. Sediment loss during the 
season was 218.95, 135.67, and 50.72 kg/Ha for the conventional, reduced, and 
no-tillage treatments, respectively. These data show the soil conserving 
properties of no-tillage production practices. The first rainfall event began 
on the day of planting and continued throughout the next day. The reduced 
tillage treatment had the least amount of water and sediment loss of the three 
tillages (Table 1). This was attributed to the rough soil surface that was 
formed during the tillage by the chisel plow. The next rainfall that produced 
runoff occurred 12 days later on May 26 and. there was little difference in 
water lost among the tillages; however, the no-till treatment had the least 
amount of sediment loss. From May 26 until November 8, conventional plots had 
the greatest amount of water runoff and the greatest sediment loss. The no-
tillage treatment consistently had the least amount of water and sediment loss 
during this same period. During the remainder of the season, the reduced 
tillage treatment usually had the least amount of water and sediment loss and 
the no-tillage treatment tending to have the largest loss of water. 
The 1987-1988 season began on May 12, 1987 (the date of corn planting and 
herbicide application) and concluded on December 27, 1987 (the date of last 
rainfall that produced runoff water). During this period, 396.74 11111 of 
rainfall fell on the experimental site (Table 2). This amount was 45% of that 
amount of rain that fell during the previous season. However, the amount of 
water that ran off the conventional tillage plots was 1.86 greater--123,337 
L/ha (Table 2) versus 66,306 (Table 1). Conversely, the amount of water that 
ran off the reduced tillage and no-tillage plots in 1987 was only 50% and 27%, 
respectively, of the runoff water in 1986. These differences were attributed 
to the large runoff that occurred on June 2 and June 9, 1987. Seventy percent 
of the total water that ran off the conventional plots during the season 
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occurred in these two events. -The rainfall events that occurred on June 2 and 
June 9 accounted for 19 % of the seasonal rainfall; however, these events were 
very intense and the rainfall occurred in a short time(< 1 hour). The 
greatest sediment loss occurred on these dates also (Table 2). 
Data from the two years show a consistent trend in that the greatest 
sediment loss was from the conventional tillage treatments and the least 
sediment loss from the no-till treatments. Water that ran off the plots was 
greatest in the conventionally tilled plots in both years. However, more 
water ran off the no-tillage plots compared to the reduced tillage in 1986-87. 
In 1987, less water ran off the no-tillage treatment compared to the reduced 
tillage treatment. 
The percent of herbicide applied that was lost in runoff water during 
1986-87 was very low, generally 0.1 percent or less (Table 3). The rainfall 
event that began on the day of planting in 1986 resulted in 91, 89, and 78% of 
the total 1986-87 seasonal loss of atrazine, cyanazine, and simazine, 
respectively. This was likely due to relatively low adsorption to organic 
material and soil colloids during the short time between application and 
ra'.infall. The least amount of herbicide detected was generally in the reduced 
tillage treatment. This was attributed to the rough surface in the reduced 
tillage plots which resulted in less runoff during this rainfall event (Table 
1). The greatest total loss of herbicides due to runoff was in the no-tillage 
treatment and was a reflection of a slower infiltration rate, compared to the 
other two tillages, during the first rainfall event. 
In 1987, the total amount of herbicides lost in runoff water was less 
than in 1986 and probably was due to fewer rainfall events (Table 4). Also, 
the events in 1987 were more intense. Runoff during the first month of the 
1987 season resulted in 85, 82, and 88% of the total 1987 seasonal loss of 
atrazine, cyanazine, and simazine, respectively. Tillage had little effect on 
the total seasonal loss of atrazine or simazine. However, there was more 
cyanazine lost in the reduced tillage (Table 4). 
A summary of total loss of herbicides· among tillages reveals that in the 
1986-87 season the greatest loss was in the no-tillage treatments (Table 5) 
but in 1987-88 the greatest loss was in the reduced tillage treatments. A 
close inspection of the date shows that the total herbicide loss in 1986-87 
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was influenced by the first runoff event (Tables 3 and 4) and that the least 
amount of runoff was from the reduced tillage treatment. We attributed this 
to the rough soil surface because of the chisel plow. However, after this 
initial herbicide loss, the amount of herbicide loss was similar between the 
two seasons. 
The total herbicide loss of the three tillages shows that more cyanazine 
was lost than the other herbicides in 1986-87 while more simazine was lost in 
1987-88 (Table 6). Inspection of these data on a percent basis reveals a 
large difference between the two years when all runoff events are considered 
(Table 6). For example, the percent simazine loss was 28% in the 86-87 season 
and 46% in the 87-88 season. As mentioned previously, the first event in the 
86-87 season accounted for 78 to 90 percent of the herbicide loss. The 
influence of this large runoff event complicates the comparison of the results 
obtained in the two years of this study. Exclusion of the first runoff event 
in 1986-87 revealed a large difference in the percentage loss in the 86-87 
season; however, only minor differences in the 87-88 losses were noted by 
excluding the first runoff event. When the first event is ignored, simazine 
had the greatest percent loss in both seasons. Atrazine and cyanazine differ 
in the percent lost in the two years; however, the average of the two years 
reveals only a 3% difference between these two herbicides. Simazine is the 
least soluble, is more strongly adsorbed to soil colloids, and the least 
mobile of these herbicides. These results suggest that simazine is lost to a 
greater extent because of its association with soil colloids on the soil 
surface. 
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Table I. Rainfall, Runoff, and Sediment Loss fran Field Plots During 1986-87 
Season. 
Amount of Runoff* Sediment Loss* 
Date Rainfall Tl llag; Tl llage 
Conv Reduced No-Tl 11 Conv Reduced No-Tl 11 
1986 -- nm -- - - - - - L/Ha - - - - - - - - - - kg/Ha - - - - -
5/13-14 26.16 3985 2446 3574 14.38 6.71 10.52 
5/15 1.52 
5/26 26.16 799 833 725 1.15 1.31 0.77 
6/4 8.89 
6/6-8 4.57 
6/10 1.02 
6/11 3.81 
6/28 1.78 
7/1-2 56.39 7622 5363 4049 21.40 8.17 2.32 
7/9 34.04 3868 2131 1205 3.95 3.76 0.80 
7/11-13 14.22 
7/14 10.41 1510 1000 581 3.33 0.96 0.30 
7/20 10.16 1698 1243 609 10.59 8.01 0.54 
7/31 3.81 
8/7 5.59 
8/8-10 2.79 
8/17 1.02 
8/19 2.29 
8/23 1.52 
8/26-27 48.51 19112 9218 9675 117 .49 76.40 20.15 
9/1 0.51 
9/2 JJ.94 
9/4 1.02 
9/5 6.60 
9/7 0.76 
9/11 24.89 4679 3501 2432 15.53 12.98 1.54 
9/18 2.03 
9/20 20.57 3694 2624 2239 11.02 8.44 2.77 
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9/28 7.87 
10/1 4.57 
10/6 5.08 
10/13 7.87 
10/24-27 26.67 
11/5 39.88 1799 2144 1832 1.96 1.77 1.02 
11/7-8 40.39 2656 2281 2027 1.91 1.93 0.72 
11/11 17 .02 
11/15-16 2.79 
11/20 8.64 
11/25 46.23 5957 1953 5983 5.03 1.13 1.84 
12/2 35.31 1450 1433 2558 0.93 0.42 0.46 
12/7-9 33.02 1430 1197 2386 0.60 0.51 1.13 
12/23-24 15.49 
12/29-31 0.76 
1/9-11 2.79 
1/18-19 22.10 
1/28-29 5.59 
2/1-3 4.83 
2/8 0.51 
2/14 6.10 
2/18 3.30 
2/19-22 24.38 
2/26-3/1 52.58 3378 2351 7785 7.22 1.43 4.58 
3/8 1.52 
3/15-16 16.00 
3/18-19 24.38 
3/28-31 40.13 1111 1035 1076 1.27 0.78 0.61 
4/14-15 54.86 1558 1826 1604 1.19 0.96 0.65 
4/22-27 1.52 
Totals: 885.16 66306 42579 50340 218.95 135.67 50.72 
*The values under each tillage are the average of three replications. 
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Table 2. Rainfall, Runoff, and Sediment Loss fran Field Plots During 1987-88 
Season. 
Amount of Runoff** Sediment Loss"* 
Date* Rainfall Til 11!1! Ti 111!1! 
Conv Reduced No-till Conv Reduced No-till 
1987 -- nm -- - - - - - L/Ha - - - - - - - - - - kg/Ha - - - - -
5/19 13.46 378 481 420 
6/2 39.37 42295 2889 2373 209.91 4.DO 3.52 
6/9 37.59 44506 4864 2380 1047.57 5.21 1.95 
6/12 43.18 13453 1959 1516 382.39 2.16 0.54 
6/20-22 34.80 2756 1666 989 11.39 1.79 0.30 
7/1-2 12.45 
7/4-5 7 .II 
7/6 8.89 
7/13 22.10 2612 1722 723 3.55 1.72 0.25 
7/27 19.81 4930 644 497 4.81 0.96 0.20 
8/3 15.49 4606 1358 659 3.42 1.25 D.24 
12/14 17.78 
12/15 15.49 
12/24-27 109.22 7801 5584 3942 2.77 2.02 0.57 
Totals*: 396.74 123337 21167 13499 1665.81 19.11 7.57 
*Data beginning 5/11/87 until (12/31/87). 
**The values under each tillage are the average of three replications. 
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Table 3. Triazine concentration detected in runoff water fran corn grown under three tillage systems during 
the 1986-87 growing·season. 
Time after 
• • • 
1986 herbicide Air1,1n~ t2n,~ntrat12a Gxtnaiin~ Gonc~ntration Simazine ~oncentration 
application** Conv Reduced No-ti 11 Conv Reduced No-t 111 Conv Reduced No-ti 11 
- - days - - - -1 - - - - ~g L - - - - - -1 ----~L ----- -1 ----~L ---
1 430 300 560 320 400 760 340 167 420 
49 13 15 18 18 19 16 25 30 33 
57 10 20 13 11 23 17 16 24 24 
62 7 7 0 8 12 10 8 9 10 
68 5 5 5 4 10 8 8 8 12 
105 2 0 0 0 0 5 5 4 6 
121 5 1 4 5 7 7 15 7 7 
130 0 0 0 0 5 0 3 5 1 
1986-87 Season 
Total 472 348 600 366 476 823 420 254 513 
Percent of herbicide 
that was applied 
lost in runoff: 0.10 0.04 0.11 0.05 0.04 0.10 0.09 0.04 0.09 
*Triazine concentrations represent the mean of three replications. 
**Herbicide application was made on May 13, 1986. 
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Table 4. Triazine concentration detected in runoff water frCIII corn grown under three tillage systems during 
the 1987-88 growing season. 
Time after 
* * * 
1986 herbicide Atrazin~ &;n,entra!i2D ~iana,tn1 k2;ncentrat1on SiJ!!lzine Concentration 
application** Conv Reduced No-til 1 Conv Reduced No-till Conv Reduced No-till 
- - days -1 -1 
-1 
----l'!IL ---- - - - µg L - - - - - - - - I'll L - - - -
7 22 40 41 23 36 14 25 79 41 
21 92 73 65 38 32 24 93 76 97 
28 31 28 43 14 24 21 50 56 69 
31 13 17 29 8 30 16 25 36 56 
39 10 16 13 10 8 8 22 23 15 
62 8 12 4 6 6 6 6 5 6 
76 4 7 1 8 6 2 9 3 0 
83 9 3 3 0 0 0 7 1 1 
1986-87 Season 
Total 189 196 199 107 142 91 237 279 285 
Percent of 
herbicide applied 
Lost in runoff: 0.28 0.02 0.02 0.08 0.01 0.01 0.33 0.03 0.03 
*Triazine concentrations represent the mean of three replications. 
**Herbicide application was made on May 12, 1987. 
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Table 5. S111111ary of herbicide movement from the site of application in 1986-87 and 1987-88. 
Data totaled across herbicides. 
Ti llaqe 
Conventional 
Reduced 
No-till 
Total 
Triazine Lost 
86-87 J!Z::M 
- - µg L-1 - -
1258 
1078 
1936 
4272 
533 
617 
576 
1725 
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Table 6. Su11111ary of herbicide lost from the application site in 1986-87 and 
1987-88 expressed as the quantity lost and as a percentage lost when 
all runoff events are compared to all events excluding the first 
event. Data are combined across all tillage treatments. 
All runoff events 
Total triazine loss All runoff events excludjng first 
Herbicide 86-87 87-88 86-87 87-88 86-87 86-87 
---- ~g L-1 
------------- % ----------------
Atrazine 1420 584 33 34 23 34 
Cyanazine 1665 340 39 20 32 19 
Simazine 1187 801 28 46 45 47 
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Chapter IV, Conclusions 
Less water moved off the no-tillage and reduced tillage areas than the 
conventionally tilled area. Similarly, less soil was lost in the no-tillage 
and reduced tillage treatments. Conservation of soil and water are major 
goals of conservation tillage production systems and lower amounts of soil 
eroding from fields will decrease the sediment load of surface waters. 
The amount of herbicide lost in surface runoff water in all tillages was 
very low, usually about 0.1% or less. This indicates that the potential for 
surface water contamination during the growing season is relatively low. 
However, during periods of heavy rainfall activity immediately after 
application, the concentration of triazine herbicides loss can be as great as 
160 to 760 µg per liter of water. Concentrations of the triazine herbicides 
in runoff water from no-tillage and reduced tillage treatments were as great, 
and in most cases were greater, that the amount of herbicide found in the 
runoff water from conventionally tilled soil. Tillage practices that are 
currently promoted for soil and water conservation did not decrease the amount 
of triazine herbicides moving from the site of application. 
More simazine was lost in runoff water than was atrazine or cyanazine. 
These data would suggest that herbicides that stay on or near the soil surface 
{such as simazine) will be more likely to be moved with surface runoff water 
and sediment than those herbicides that are more soluble and will leach more 
readily into the soil (such as atrazine and cyanazine). 
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